We study the magnetic field evolution in the active region (AR) 12673 that produced the largest solar flare in the past decade on 2017 September 6. Fast flux emergence is one of the most prominent features of this AR. We calculate the magnetic helicity from photospheric tangential flows that shear and braid field lines (shear-helicity), and from normal flows that advect twisted magnetic flux into the corona (emergence-helicity), respectively. Our results show that the emergence-helicity accumulated in the corona is −1.6 × 10 43 Mx 2 before the major eruption, while the shear-helicity accumulated in the corona is −6 × 10 43 Mx 2 , which contributes about 79% of the total helicity. The shear-helicity flux is dominant throughout the overall investigated emergence phase. Our results imply that the emerged fields initially contain relatively low helicity. Much more helicity is built up by shearing and converging flows acting on preexisted and emerging flux. Shearing motions are getting stronger with the flux emergence, and especially on both sides of the polarity inversion line of the core field region.
driven by the flux emergence. AR 12673 is a representative as photospheric motions contribute most of the nonpotentiality in the AR with vigorous flux emergence.
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INTRODUCTION
Magnetic fields are believed to play a fundamental role in producing solar flares and coronal mass ejections (CMEs) that have drawn the majority of scientific interest due to their significant impact on the space weather. Magnetic fields form magnetic structures in the solar coronal which are associated with plasma motions in the photosphere. Photospheric motions can perturb the magnetic structures by shearing or converging field lines relatively to the polarity inversion line (PIL; e.g., Moore et al. 2001; van Ballegooijen & Martens 1989) , thereby drive the magnetic reconnection in the corona. Photospheric shearing motions are one of the possible way to introduce strong electric currents and inject energy into the active region (AR) corona (e.g, Sun et al. 2012) . Photospheric motions are generally formed due to convection and differential rotation. In an emerging flux region, horizontal divergent flows are often observed before the flux emergence. Toriumi et al. (2012) found the horizontal flows are associated with the rising flux tube below the photosphere. They indicated that as the rising tube approaches the photosphere, the accumulated plasma on the rising tube escapes horizontally around the surface and is observed as a horizontal divergent flow. On the other hand, simulations show that emergence of sufficiently twisted flux rope structures can also drive photospheric motions (e.g., rotational or shearing motions; Manchester et al. 2004; Magara 2006; Manchester 2007; Fan 2009; Fang et al. 2012) . The basic underlying reason is the nature of the Lorentz force. Magara & Longcope (2003) by magnetohydrodynamics (MHD) numerical simulation found that flux emergence generates not only vertical but also horizontal flows in the photosphere, both of which contribute to injecting magnetic energy and magnetic helicity. The contributions of vertical flows are dominant at the early phase of flux emergence, while horizontal flows become a dominant contributor later. Consistently, in the early emergence phase, the flux of helicity and magnetic energy are both dominated from the contributions of vertical flows that advect twisted magnetic flux into the corona; in the later phases of flux emergence, both quantities are dominated by horizontal flows that shear and braid field lines over a longer time period. Here, we need to note that the magnetic flux tube in their simulation is initially twisted before it emerges into the solar atmosphere. The observations in Liu & Schuck (2012) show that the magnetic energy in the corona is contributed mainly by vertical flows, while magnetic helicity is mainly contributed by horizontal flows for their investigated ARs.
The AR 12673 on 2017 September 6 produced the largest solar flare (X9.3) in the past decade and was associated with a major coronal mass ejection (CME). About three hours before the flare, another weaker X-class flare took place in the same region. Moreover, according to the investigations of Yang et al. (2017) , this AR had already produced 12 M-class flares during the two days before the two X-class flares. The occurrences of solar eruptions are related to magnetic energy release.
Eruptions associated with X-class flares are generally accompanied by much more magnetic free energy release than other eruptions (e.g., Jing et al. 2010; Su et al. 2014) . It is interesting that the occurrences of the two X-class flare eruptions are within only three hours, and the second flare is decade-class as well. Figure 1a shows the AR magnetic free energy calculated by subtracting the potential field energy (Seehafer 1978 ) from the nonlinear force-free field (NLFFF) energy (see below). The time resolution of the free energy time series is 12 minutes for 18 hours. The energy has a stepwise decrease after the first X-class flare eruption then increases before the major eruption, which implies that the nonpotential energy is accumulated rapidly. This should be related to the continuous flux emergence. The AR experienced the fastest flux emergence three days before the major eruption (see Figure 1a ). An extraordinary flux emergence rate of 1.12
21 Mx hr −1 on September 3 was measured by Sun & Norton (2017) , which accumulates free energy rapidly for the later eruptions. Persistent flux emergence, apparent coalescence, cancelation, and shearing motions are followed. The whole AR is in a rapid evolving state. Total unsigned vertical current is increasing with the unsigned magnetic flux (Figure 1b ). Helical magnetic structures (i.e., a flux rope) is thought to exist prior to the major eruption (Yang et al. 2017; Yan et al. 2018) . The helicity or twist of the AR can be estimated by the proxy mean twist parameter α derived as α ∝ Jz·Bz Bz 2 (Pevtsov et al. 1994; Hagino & Sakurai 2004) , that has been a popular quantity to correlate with the occurrence of solar energetic events (Vemareddy & Zhang 2014; Bobra & Ilonidis 2016) . Similar as the unsigned flux, α in Figure 1c also exhibits an increasing trend. The increases of the vertical current and the twist parameter α are apparently related to the fast flux emergence.
In this paper, we investigate the buildup of the nonpotentiality in the core of the AR 12673.
The evolution of the AR magnetic field by photospheric motions and flux emergence before the major eruption may help us to understand how the magnetic nonpotentiality builds up and what is the dominant contributor to the major eruption. That is important for predicting disastrous space-weather events. The evolution of the eruptive filaments is presented in Section 2 by the EUV observations and the magnetic field extrapolation results. In Section 3 we investigate the nonpotentiality of the AR by analysis of the photospheric magnetic fields. Discussions and conclusions are given in Section 4.
OBSERVATIONS AND MAGNETIC FIELD EXTRAPOLATIONS
NOAA AR 12673 (S09W42) produced two successive X-class flares on 2017 September 6. The first X2.2 flare started at 08:57 UT, peaked at 09:10 UT, ended at 09:17 UT, and was accompanied by a faint CME. The second X9.3 flare started at 11:53 UT, peaked at 12:02 UT, ended at 12:10 UT, and was accompanied by a strong halo CME. For comparison, two successive X-class flares occurred from the AR 11429 on 2012 March 7 in the same solar cycle (Wang et al. 2014) , each of which was associated with a fast CME (Liu et al. 2013 (Liu et al. , 2014c . that a CME emerging from LASCO C2 is associated with the inverse S-shaped structure. Although the AR 12673 experiences a release of magnetic free energy in the first X-class flare, it still possesses strong nonpotentiality.
The middle row in Figure 2 shows the observations at AIA 304Å prior to the major eruption.
The EUV brightening (see Figure 2d ) first appears near the PIL. Considering the projection effect (the AR is located at S09W42), we think that the brightening is probably above the PIL. Later on, the filament begins to rise ( Figure 2e ). Figure 2f shows that an EUV structure with helical pattern erupts and the overall region along the PIL between the footpoints of the structure is brightened.
The helical structure should be the erupting filament. Yang et al. (2017) suggested that a kink knot structure exhibited later on near the apex of the helical structure is an observational evidence of the kink instability. Figure 2g shows an arcade structure at 131Å above the initial brightening. Then, the footpoints of the arcade begins to be brightened ( Figure 2h ). Magnetic reconnection probably occurs at these brightening by the interaction between the core fields and the overlying magnetic fields along the PIL. Figure 2i shows the overall shape of the rising filament at 94Å as shown by the red dotted line. The major eruption seems to occur almost in the same region as the first one after a three-hour time interval, which implies that there exists a large amount of free energy. can be seen that enhanced electric currents are distributed mainly around the PIL (red curve). The intense J z around the PIL had already existed before 02:00 UT on September 6 (Figure 4d ). High gradients of the vertical current density, due to a change of sign on small spatial scales, appeared a short time before the two eruptions, which implies that the opposite polarities are pressed against each other in a compact configuration (see C1 and C2 in Figures 4e and 4f) . The field vectors in the top panels are pointing from negative polarity to positive polarity later in the evolution (by the green arrow in Figure 4b ), which indicates significant twist. This gives trouble to the magnetic field disambiguation. Due to the systematic errors and limitations induced by the orbital and other factors, the inversion and disambiguation methods for processing the SHARP data fail in the middle of the umbrae and the north of the negative polarity (pixels of poor quality within the cyan circles). The southward components of the southeastward flows shear with the northward motion of the negative polarity. The northern part of the negative polarity intrudes into the positive one, and forms the so-called "Magnetic Tongues" that resemble the yin yang pattern, which implies the magnetic fields along the PIL are twisted (Luoni et al. 2011) . After the first eruption (see Figure 5c ), the southeastward flows in the positive polarity are getting southward, and becomes more parallel to the PIL and more sheared with the northward motion of the negative polarity. About 20 minutes before the major eruption (Figure 5d ), the southeastward flows turn perpendicular to the PIL, and the motion of the negative polarity becomes more parallel to the PIL. It means that the positive polarity is converging to the negative one, and moving perpendicular to the direction of the shearing motion of the negative polarity. This reminds us of the model of van Ballegooijen & Martens (1989) to form helical flux-rope structures. Shearing motions produce the sheared magnetic fields, and converging motions make the magnetic shears further increase and cause the reconnection between the sheared field lines. On Figure 5d we overplot the outline of EUV brightening shown in Figure 2d .
It is just located on the path of the major converging flows near the PIL and near the high gradients of the vertical current density shown in Figure 4f as C2. Magnetic reconnection may occur around this region. We estimate that the location of the brightening can be above the PIL by assuming the brightening occurs in the chromosphere when considering that the AR is at W42
• in longitude.
We also present the normal velocity derived from DAVE4VM. The blue (red) contours in Figure 6 represent the upflows (downflows). The upflows are related to the flux emergence. Figure 6 shows that the upflows are enhanced before the two eruptions surrounding the major sunspot, which reveals that flux emergence becomes strong before the eruptions. This is consistent with the changes of the total unsigned flux in Figure 1a . At 08:36 UT, upflows appear in the northern part of the PIL close to the high gradients of vertical current density C1 in Figure 4e . Strong downflows also appear along the PIL, which should be related to submergence of magnetic flux, i.e. flux cancelation (Rabin et al. 1984; Martin et al. 1985) . The submergence of the flux continues even after the first eruption (see Figure 6c ). van Ballegooijen & Martens (1989) indicated that the cancelation is probably the result of flux motions. At 11:36 UT (see Figure 6d ), upflows appear next to the projection of the EUV brightening.
It seems that there are some relations between the upflows and the horizontal motions in position.
For instance, strong upflows are found at the south of the major northeastward motion of the negative polarity (see Figures 5a and 6a) . The upflows near C1 is connected to the horizontal flow around C1 (see Figures 5b and 6b) . Also, the sheared flows along the PIL in the positive polarity at 09:36 UT is connected to the upflows at the north of the sunspot (see Figures 5c and 6c) . Toriumi et al. (2012) has indicated that the buoyant rise of magnetic field toward the solar surface can drive horizontal flows that are an integral part of the flux emergence process. The magnetic field lines rooted on the photosphere could be dragged with the plasma moving horizontally. Thus, the upflows around the EUV brightening may explain why the continuous southeastward flows in the positive polarity change to perpendicular to the PIL.
Magnetic helicity and vertical currents
Solar eruptions are thought to occur due to an overaccumulation of magnetic helicity (e.g., Nindos & Andrews 2004; Vemareddy et al. 2012; Wang et al. 2014) . Photospheric motions and flux emergence can both inject magnetic helicity by shearing footpoints of magnetic field lines and advecting twisted magnetic flux, respectively. As presented in Figures 5 and 6 , the core region of AR 12673 experiences both relatively strong shearing motions and flux emergence. It is hard to draw an immediate conclusion whether the magnetic helicity is dominated by the shearing motions or emergence of twisted flux. Berger & Field (1984) derived the Poynting-like theorem for the helicity flux through a surface S:
where A p is the vector potential of the magnetic field derived by the SHARP vector magnetogram, which is calculated by means of the fast Fourier transform method as implemented by Chae (2001) , B t and B n denote the tangential and normal magnetic fields, v n and v t are the photospheric normal and tangential velocity fields derived by DAVE4VM. We calculate the two terms in the equation 1, respectively, which is implemented as Liu & Schuck (2012) . The first term indicates that the magnetic helicity in the corona comes from the twisted magnetic flux tubes emerging from the solar interior into the corona (emergence-term hereafter). The second term represents the helicity generated by shearing the field lines by the photospheric motions on the solar surface (shear-term hereafter). Figure 7 shows temporal profiles of helicity fluxes across the photosphere and accumulated helicities for the entire AR. Red and blue curves in the top panel represent the helicity flux from v t (shearhelicity flux hereafter) and from v n (emergence-helicity flux hereafter), respectively. Red and blue curves in the bottom panel refer to the accumulated helicities from the shear-and emergence-helicity fluxes, respectively. The accumulated helicity is the integral of the helicity flux over time, which is deemed to be the helicity stored in the corona. We adopt the SHARP vector magnetograms as the input data for calculating the velocity by DAVE4VM and the vector potential A p , and the time resolution is 1 hour for 4.75 days (114 hours) from 00:00 UT on September 2. Figure 7a shows that the shear-helicity flux is dominant starting from September 3. The emergence-helicity flux, on the other hand, remained at a relatively low level for this period. Both helicities are negative. This is in opposition to the so-called hemisphere rule, which predicts that ARs in the southern hemisphere have positive helicity (Pevtsov et al. 1995; Liu et al. 2014b ). The shear-helicity accumulated in the corona before the major eruption is −6 ×10 43 Mx 2 ; the emergence-helicity accumulated in the corona is only −1.6 × 10 43 Mx 2 . The helicities are relatively high in the emerging AR (refer to Liu et al. 2014a ).
The shear-term contributes about 79% of the total helicity, while the emergence-term contributes only about 21%. Our results imply that most of the magnetic helicity of the AR is probably built up by the horizontal motions. The twisted flux emerging from the subphotosphere contributes to the magnetic helicity much less than the horizontal motions.
Vertical currents in the photosphere are one of the most commonly used measures of magnetic nonpotentiality. Twists or shears by photospheric motions can cause the formation of these currents connected with the photospheric motions. However, it is also possible that the intense currents are carried by the emerging flux. The emergence-helicity can be considered as a proxy for quantifying the amount of emerging current-carrying twisted flux. Thereby, we expect to use the spatial distribution of the helicity flux to identify the major contributor to the intense vertical currents.
In Figure 8 , we use the spatial distribution of
to represent helicity flux densities before the major eruption. The first and second terms of G A represent the emergence-and shear-helicity flux densities, respectively. White (black) patches refer to a positive (negative) sign of helicity flux, and we scaled the maps within The profile of the shear-helicity flux of the entire AR correlates well with the total unsigned vertical currents (cf. Figures 7 and 1b) . We make a further investigation on the relation between the shearhelicity and the distribution of the vertical currents, and present the distributions of the vertical currents and vector magnetic fields in the earlier phase of the emergence in Figure 9 . On September 3, the AR experienced the fastest flux emergence, and the distribution of the vertical current was dispersed (see Figures 9a and 9d ). When two major opposite polarities begin to touch, intense vertical currents appear around the touching places. With more parts of the two polarities are pressed against each other, longer intense current contours appear on both sides of the PIL. Obviously, the intense vertical currents are formed due to the converging motions that press the opposite polarities together in a compact configuration. The magnetic field strength is enhanced and the magnetic fields become sheared along the PIL. On the other hand, we also present the distributions of helicity fluxes at the corresponding times in Figure 10 . In order to compare with the helicity fluxes in Figure 8 , we still scaled the maps within ±10 20 Mx 2 cm −2 s −1 . The shear-helicity flux is still dominant in the earlier phase of the flux emergence. The intense shear-helicity flux distributed around the PIL increases with the content of the intense vertical currents, which also reveals the close relation between the photospheric motions and the vertical currents.
DISCUSSION AND CONCLUSION
AR 12673 produced very strong energy release on 2017 September 6 that has drawn great scientific attention due to the intense flare as well as the significant impact on the space weather. One of the most prominent features is the fast flux emergence process that even continues after the major eruption, and the photospheric magnetic fields experience fast evolving processes. Using HMI SHARP vector magnetic field data, we studied the helicity in the corona. The emergencehelicity accumulated in the corona is −1.6 × 10 43 Mx 2 before the major eruption, while the shear-helicity accumulated in the corona is −6 × 10 43 Mx 2 , which contributes about 79% of the total helicity. The shear-helicity flux is dominant from the beginning of the flux emergence to the major eruption, and the situation continues after the eruption. This is consistent with the conclusion of Liu & Schuck (2012) that the magnetic helicity is mainly contributed by the horizontal flows for their investigated ARs. However, our observational results are different from the results obtained by the MHD simulations (Manchester et al. 2004; Magara 2006; Manchester 2007; Fan 2009; Fang et al. 2012) , that the emergence-helicity is dominant in the early emergence phase, and the shear-helicity is dominant later. Our results imply that the emerged fields initially contain relatively low helicity.
Much more helicity is built up by shearing and converging flows acting on the preexisted or emerging flux. We tend to believe that parts of the shearing flows come from horizontal divergent flow due to the rising flux in the subphotosphere, since the profile of the shear-helicity flux correlate well with the total unsigned flux, and the distributions of horizontal flows of the flux appear to connect with the vertical flows.
Our results show that the intense vertical currents are mainly distributed along the PIL where the magnetic fields are sheared. The evolution of the vertical currents also shows that most of the intense currents do not appear initially with the emergence of the flux, which implies that this emerging flux is probably not strongly current-carrying, i.e., field lines are not twisted strongly in the early emergence phase. This is consistent with our conclusion from the study of the magnetic helicity. On the other hand, we find that the intense vertical currents appear on both sides of the PIL as two opposite magnetic polarities are pressed against each other. Shearing motions are getting stronger with the flux emergence, especially on both sides of the PIL of the core field region formed by the coalescence of the magnetic polarities after September 3, which is reflected in the shear-helicity flux. Therefore, the vertical currents on both sides of the PIL in the core field region are mainly contributed by the photospheric motions. The presence of intense vertical current quantifies the twist and shear of the magnetic fields. Accordingly, we think that the flux rope in the core field region, exhibited by the extrapolations, is formed by long-term photospheric motions. The converging motions that press the opposite polarities against each other enhance the extent of magnetic shears and the gradient of Mean twist parameter α Figure 1 . Time evolution of magnetic parameters in the AR 12673. These parameters available on a twelve-minute cadence are provided by the keywords in the SHARP data series, and used for the AR event forecasting and for identifying regions of interest (Bobra et al. 2014; Bobra & Ilonidis 2016) . The pixels that contribute to these parameters are selected by examining two data segment maps: BITMAP (≥ 30) and CONF DISAMBIG (disambiguation noise threshold ≈ 150 G, CONF DISAMBIG = 90, Bobra et al. 2014) in the SHARP data. (a) Total unsigned flux and magnetic free energy by magnetic field extrapolations. Figure 10 . Same as in Figure 8 , but for different times (shown in Figure 9 ).
